We report the microwave dielectric properties and photoluminescence of undoped and europium oxide doped Ta 2 O 5 fibers, grown by laser heated pedestal growth technique. The effects of Eu 2 O 3 doping ͑1 -3 mol % ͒ on the structural, optical, and dielectric properties were investigated. At a frequency of 5 GHz, the undoped material exhibits a dielectric permittivity of 21 and for Eu 2 O 3 doped Ta 2 O 5 samples it increases, reaching up to 36 for the highest doping concentration. Nevertheless, the dielectric losses maintain a very low value. For this wide band gap oxide, Eu 3+ optical activation was achieved and the emission is observed up to room temperature. Thus, the transparency and high permittivity make this material promising for electronic devices and microwave applications. In recent years, the doping of wide band gap transparent oxides with lanthanide ions has been performed mainly with the purpose of tuning desirable optical properties for optical and electro-optical applications.
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In recent years, the doping of wide band gap transparent oxides with lanthanide ions has been performed mainly with the purpose of tuning desirable optical properties for optical and electro-optical applications.
1 The demand for materials with high luminescence efficiency provided by the intra-4f n transitions has been a driving force for the exploitation of the spectroscopic properties in several oxide hosts.
2-4 Besides the interest in laser optical materials, 5 oxide systems have been also widely investigated due to its interesting dielectric properties for dynamic random access memories and tunable microwave device applications. [6] [7] [8] [9] For instance, it is well known that high dielectric constant materials allow a high degree of miniaturization of the components used in many wireless communication systems. 10 The claim for materials with high dielectric constant and low dielectric losses is one of the motivations of new material development.
In this letter, we report on the structural, optical, and microwave dielectric properties of Eu doped Ta 2 O 5 grown by laser heated pedestal growth ͑LHPG͒ technique. The Ta 2 O 5 was grown as transparent cylindrical fibers with 1 mm of diameter and 50 mm of length and have been intentionally doped with Eu 2 O 3 from 0 ͑i.e., undoped͒ to 3 mol % of concentration. With an ϳ3.8 eV bandgap at room temperature ͑RT͒, 11 the tantalum pentoxide crystalline fiber is a suitable host for the incorporation of lanthanide ions. Undoped and 1 mol % doped was found to have a monoclinic crystalline structure, but increasing doping ͑between 2 and 3 mol %͒, the appearance of a triclinic phase is promoted. 11 The achievement of optically activated Eu 3+ was observed for all the doped samples as shown by photoluminescence ͑PL͒ and photoexcitation luminescence data.
11 Figure 1 shows the temperature dependent PL spectra for the Ta 2 O 5 :Eu ͑3 mol % ͒ fiber carried out with above band gap excitation ͑325 nm cw He-Cd laser and an excitation power density less than 0.6 W cm −2 ͒. The intra-4f 6 transitions of Eu 3+ in the oxide matrix also sensitize the crystalline phase transformation as observed from the presence of three
11 Two of the lines ͑576.5 and 578 nm, measured at 14 K͒ correspond to Eu 3+ related centers in the monoclinic phase while the third line observed at 581 nm was ascribed to Eu 3+ in the triclinic phase. 11 The PL was measured between 14 K and RT using a closed cycle helium cryostat and collected in 90°geometry. The luminescence was dispersed by a Spex 1704 monocromator and detected by a cooled Hamamatsu R928 photomultiplier. As observed, the fingerprint 5 the Eu 3+ emission in the triclinic crystal phase. Taking this into account, for the Ta 2 O 5 :Eu ͑3 mol % ͒ fiber the overall observed PL at 250 K corresponds to 47% of its initial value at 14 K.
It has been reported that the use of additives in polycrystalline ceramics of Ta 2 O 5 such as TiO 2 , 12 ZrO 2 , 13 SiO 2 , 14 and Al 2 O 3 ͑Ref. 15͒ leads to increased Ј, reaching up to 138, 52, 46, and 42, respectively, at 1 MHz. Furthermore, the enhancement of dielectric constant has been associated with the phase transition of the oxide matrix. The moderate europium doping levels ͑1%-3%͒ in our Ta 2 O 5 LHPG grown fibers were enough to promote the appearance of a new crystalline phase.
To measure the complex permittivity of the material, * = Ј − iЉ, a cavity perturbation method was used, in a rectangular cavity, operating in TE 1,0,11 mode at about 5 GHz. 16 In the center of the cavity, where the electrical field is maximal, the sample is inserted, provoking the perturbation of the field. As a consequence, the transmission of the cavity changes.
According to the small perturbation theory, 16 a linear relationship exists between the frequency shift ⌬f caused by the insertion of a sample in the cavity and the real part of the complex permittivity of the material Ј. The same behavior is observed in the change in the inverse of the quality factor of the cavity, ⌬͑1 / Q͒, related to the imaginary part, Љ. When we consider only the first order perturbation in the electric field caused by the sample, the expressions are simplified, 17 that is,
where K is a constant related to the depolarization factor, which depends on the geometric parameters, f 0 is the resonance frequency of the cavity, v is the volume of the sample, and V is the volume of the cavity. Using a sample of known dielectric constant, we can determinate the constant K. In our case we used Teflon® Polytetrafluorethylene The cavity transmission had been measured by an HP 8753D network analyzer.
In Fig. 2 , we present the transmission coefficient for the empty cavity and for Ta 2 O 5 : Eu with different molar fractions. A frequency decreasing shift is observed, which increases with europium concentration, indicating that the dielectric constant increases. Also the broadening of the curves with doping concentration indicates that the dielectric losses increase.
The calculated value of Ј = 21 at 5 GHz for our undoped Ta 2 O 5 sample, being lower than the previously reported as Ј = 27, 9 indicates that our growth procedure leads to a material with less intrinsic defects and/or unintentional doping. For europium concentrations of 1%, 2%, and 3% we calculated Ј as 24, 32, and 36, respectively. The resolution and sensibility of the system do not permit us to calculate the exact absolute values of Љ, but it ensures that they are lower than 5 ϫ 10 −3 . This enhancement of the dielectric constant with europium concentration is due to the appearance of a triclinic phase and also to the specific atomic polarizibility properties of the Eu 2 O 3 coordination polyhedra.
For these crystalline samples, it was possible to obtain an increase of about 15 in Ј, with a doping concentration of 3%. The works of Refs. 13-15 obtained a similar variation, but for the lower frequency of 1 MHz and with the doping level up to 10%. Our results are an important achievement in the doping of the Ta 2 O 5 . In summary, we produced a fiber with dielectric constant of 36 at 5 GHz, without degrading it by the dielectric losses, which is a promising material for microwave device applications. 
